Vacuoles in plants and fungi occupy 25-90% of the cell volume and have essential and dynamic physiological functions (1): they act as storage compartments and lytic compartments (6) . For the function of storage, the uptake of large amount of inorganic ions, amino acids, or organic acids into the vacuoles is required. This uptake generates the osmotic pressure differences across the vacuolar membrane. Furthermore, an acidic environment inside the vacuoles, which is essential for the lytic activity, is maintained by an H+ influx driven by an H+-ATPase. The fl+ influx generates not only a concentration gradient of proton, but also an interior positive membrane potential difference. Several investigators predicted the existence of ion transport systems on vacuolar membranes which balane these osmotic and electrochemical potential differences (7) .
In the preceding papers, we found a cation selective channel in vacuolar membranes of yeast (15) , and the gating properties of the channel were studied in a planar lipid bilayer system (13) . The results indicated that the channel had two types of gate operating independently, which had different rate constants and opposite voltage dependence. When the voltage of the cis side (the side to which the vesicles were added) was kept more negative, the fast responding gate opened and the slow responding gate closed. The fast gate was locked in the open state when DIDS, a disulfonic stilbene derivative, was added from the cis side, and the slow gate opened when about 1 mM Ca2+ was present on the cis side.
In this research in order to characterize the channel further, firstly, the selectivity properties of the channel were extensively studied. Conductance-concentration relationship. Figure 3 shows the K+ concentration dependence of K+ conductance. Single channel currents were measured at symmetrical K+ concentrations except that the cis solution contained 1 mM CaCl2. The conductances were obtained from the slope of I-V relationships between -50 mV and +50 mV at each K+ concentration.
The data could be fitted to a simple satura- 
Single channel conductances, yx, were determined from the difference between the maximum and minimum conductance levels as in Fig. 2 . The ratios of single channel conductances, yx/yK, were calculated from the average values of single channel conductances.
Permeability ratios, Px/Pk, were determined according to the Goldman equation from the reversal potentials measured at asymmetric ionic compositions.
The conditions were 300 mM KC1 on the cis side and 100 mM KC1 on the trans side for the determination of Cl-permeability, and 300 mM KC1 on the cis side and 300 mM XCl on the trans side for the determination of cation permeabilities.
In every case the cis solution contained 1 mM CaC12 and 5 mM HEPES-Tris, pH 7.2 and the trans solution contained 5 mM HEPES-Tris, pH 7.2.
on the channel was studied in more detail. Figure 4A shows the Ca2+ concentration dependence of macroscopic conductance. In this experiment, at first the cis side was perfused with the same solution of the trans side to avoid further incorporation of vesicles into the bilayer which might occur if Ca2+ concentration was increased. Then, the same amount of Ca2+ was added to both sides to eliminate the potential shifts induced by the asymmetric addition of Ca2+. The conductance increased with increase of Ca2+ concentration up to about 6 mM, and decreased with further increase of Ca2+. Figure 4B shows the effect of Ca2+ concentration on single channel fluctuations. Single channel conductance did not change by the addition of 1 to 14 mM Ca2+; only the open channel probability changed. That is, Ca2+ up to 6 mM opens the gate and closes the gate with further increase in concentration without affecting the pore properties. The result suggests the existence of two kinds of Ca2+ binding sites in the gate. Binding of Ca2+ to one site of the gate (opening site) results in opening of the channel, while binding to another site (closing site) closes the channel. Effects of Ba2+. In order to characterize the effect of Ca2+ on gating properties of the channel, Ba2+ was applied. Figure 5A shows the effect of Ba2+ on macroscopic conductance. Addition of Ba2+ caused closure of the channel which had been opened in the presence of 1 mM Ca2+. Addition of Ba2+ alone, in the absence of Ca2+, did not open the channel. Figure 5B shows the effect of Ba2+ on single channel fluctuations. Ba2+ seems not to affect the single channel conductance and decreased only the open channel probability. Ba2+ seems to bind to the closing site of the gate instead of Ca2+ in Fig. 4A .
Anion contribution to the channel. It was found that no current fluctuation could be observed when the aqueous solution contained 300 mM K-gluconate, although the channel was highly permeable for K+. To exclude the possibility that occurrence of fusion events might be decreased by the change of ionic composition, the cis side was perfused from KCl to K-gluconate after the current fluctuation was observed. As the perfusion proceeded, the single channel current first increased sent in the aqueous solution. The gating mechanism of the channel may be affected by the anion. A small channel observed in the same membrane. Sometimes, a small channel fluctuation was observed when the large channel (the channel we discussed above) was closed. Figure 7 shows an example of the small channel. At the beginning, a current fluctuation of the large channel can be seen. When the voltage was turned to +30 mV from -30 mV (point a), a small channel hidden by the current fluctuation of the large channel appeared (point b). Since this current fluctuation was not always observed together with the large channel and in some experiments nothing but this small channel was observed, we can conclude that this is another type of channel coexisting in the same membrane preparation. The gating properties were different from those of the large channel, so it was easily distinguished. At point c, DIDS was found to inhibit this small fluctuation.
This small channel was studied in more detail (Fig. 8) . Current fluctuations at different voltages were shown in Fig. 8A . From the I-V relationships of the single channel current, the single channel conductance was estimated to be about 40 pS, as shown in Fig. 8B . Under asymmetric ionic conditions, in which the cis-side was 0.1 M KCl and the trans-side was 0.3 M KCl, the single channel conductance was slightly smaller (29 pS) than that under symmetrical conditions; this may be due to the difference of the ionic concentrations. The reversal potential was shifted to -13 mV. This result indicates that the small channel is a cation-selective channel. Using the Goldman equation, we calculated the permeability ratio of K+ to Cl-as 2.9. Further, current fluctuations shown in a, b, and c (Fig. 8A) suggest that the open channel probability decreased as the applied voltage became negative. The figures also shows that the large channel becomes open at lower voltage than + 10 mV (shown in d) and it becomes difficult to discriminate the small channel.
DISCUSSION
The ion selectivity of the channel of the yeast vacuolar membrane was studied by measuring single channel conductance in various kinds of cations, and the results were compared with the permeability ratio obtained from reversal potential in macroscopic measurement. The selectivity followed Eisenman's VIII series for single channel conductance and X or XI series for permeability ratio (12) . Although some discrepancies are seen between the two types of experiments, these series suggest the weak interaction of the permeant cations with anionic sites in the channel pore at any event. Low affinity of the binding site for K+(K1= 83 mM) is also consistent with the above interpretation. In the previous paper (13, 15) , we showed that the channel has two types of gates operating independently, which have different rate constants and opposite voltage dependence. The fast gate (F-gate) was locked in the open state when DIDS was added to the cis side, and the slow gate (S-gate) was opened when about 1 mM Ca2+ was present on the cis side. The effect of Ca2+ on the voltage dependence of the S-gate was studied in the previous paper (13) and was analyzed by assuming that the shift of voltage dependence along the voltage axis to the left direction takes place with increase of Ca2+ . Such a shift of voltage dependence was observed in other Ca2+-gated K+ channels (5, 8, 10, 16) and was interpreted in terms of voltage-dependent Ca2+ binding to the sites in the channel pore. Since the behavior of the S-gate is similar to that of the Ca2+-gated K+ channels in other tissues, we studied the effect of divalent cations extensively in this paper. Our result showed that there exist two types of Ca2+ binding sites in the Ca2+ sensitive gate: the opening site and closing site. When Ca2+ concentration is lower than 6 mM, Ca2+ binds to the opening gate, but at higher concentrations Ca2+ binds to the closing site. Ba2+ could replace the effect of closing, but not that of opening.
As far as the physiological significance of the channel is concerned, it is not clear because the channel required a few mM Ca2+ to open from the cis side, the cytoplasmic side. This concentration is too high compared with the physiological one, and the channel could not open under the physiological condition. However, the fact that there is some similarity between the present channel and the voltagegated ion channel in the vacuolar membrane of higher plants regulated by cytoplasmic calcium (4) suggests the physiological role of the present channel. It is possible that the Ca2+ dependence may change with lipid composition as found in Ca2+-gated K+ channel of muscle sarcolemma (9) or that vacuolar membrane potential may be largely negative as postulated. The fact that the gating of the channel is regulated by organic anions also suggests its physiological significance. Further analysis is requied.
Finally, we found a small cation-selective channel in the same preparation. This might be a contamination from the channel of plasma membrane recently found by using the patch clamp technique (2, 3), although some differences are seen between them. Further analysis has not yet been conducted.
